Of the 3 species comprising the genus Leptonycteris Miller, L. curasoae has been the least studied with respect to its long-distance flights and potential for seasonal migrations. We studied long-distance movements between islands and between islands and the mainland in the Curaçaoan long-nosed bat. We used mark-recapture with periodic sampling and marking of bats in Aruba, Curaçao, Bonaire, and 1 location (Butare) in Falcón State, on the Venezuelan coastline. Between October 2008 and April 2014, we captured a total of 7,518 individuals at 11 sites (Aruba: n = 1,827, Curaçao: 778, Bonaire: 4,128, and Butare: 785). Between 78.3% and 98.0% of the bats captured at each island and mainland were marked, and the overall percentage of recaptured animals across all sampling sites was 8.31% (n = 529). L. curasoae inhabits the 3 islands year-round. On each island, it roosts in several caves, which can be used alternatively by the same individuals. Despite being a resident species, L. curasoae can perform long-distance oversea flights between islands and between islands and the South American mainland. A total of 11 long-distance flights were recorded (2 Bonaire-Aruba, 4 Bonaire-Curaçao, 1 Curaçao-Bonaire, 1 BonaireVenezuela, and 3 Aruba-Venezuela). We propose that populations of this species in Aruba, Curaçao, Bonaire, and Falcón State, Venezuela, exchange individuals, and part of the insular populations migrate seasonally southward as a response to cyclical changes in local resource availability and the yearly reproductive regime.
for L. nivalis (Brown 2008) , only populations of L. yerbabuenae from northern Mexico migrate seasonally, whereas populations from lower latitudes (< 21°N) are year-round residents (Rojas-Martinez et al. 1999; Stoner et al. 2003; Morales-Garza et al. 2007 ). For these species, seasonal migrations respond to temporal changes in resource availability and suitability of environmental conditions across the latitudinal gradient where they reside (Cockrum 1991; Fleming et al. 1993; MorenoValdéz et al. 2004) .
With respect to long-distance foraging, both North American species of Leptonycteris are highly mobile, flying up to 100 km during their nightly commutes (Sahley et al. 1993; Horner et al. 1998; Ober et al. 2005; England 2012) . Their ability for long-distance flights is attributed to a relatively large body size and high aspect-ratio wings and wing loading.
Unlike the 2 North American taxa, the Curaçaoan long-nosed bat (Leptonycteris curasoae Miller), the only species of the genus distributed in northern South America, has been poorly studied with regard to its ability to perform long-distance commuting flights and seasonal migrations. Obtaining this information is critical, particularly for insular populations, because this species has been classified as "Vulnerable" for its entire distributional range (IUCN 2013) including Venezuela (Rodríguez and Rojas-Suárez 2008) and "Critically Endangered" on Curaçao Island (Petit et al. 2006) .
On the mainland in northwestern Venezuela, Martino et al. (2006) recaptured a female marked on the Paraguaná Peninsula (67 km linear distance) 2 years earlier. An absence of adequate refugia between the 2 capture sites suggests that this species had to fly from the Peninsula to the mainland in a single night. With respect to their migratory behavior, several authors have detected partial or total absence of the species in several locations in Colombia and Venezuela during part of the year, suggesting the possibility of seasonal migrations. In xeric patches along the Chicamocha river basin, Colombia, and in the Venezuelan Andes, this species is absent between May and August (Sosa and Soriano 1993; Sánchez and Cadena 1999; Soriano et al. 2000) . This time interval corresponds to the birth and lactation season (Petit 1997; Martino et al. 1998 ; this study), suggesting that bats migrate to locations with maternity caves to give birth and nurture their offspring. Currently, the only maternity caves reported for L. curasoae are located in the Paraguaná Peninsula, northwestern Venezuela, and on the islands of Margarita and Curaçao (Martino et al. 1998; Petit et al. 2006; García-Rawlins 2012) . In the Paraguaná Peninsula, evidence indicates that most individuals of this species abandon their roosts between December and March and leave the peninsula (Martino et al. 1998; Nassar et al. 2008) . Molecular data also suggest extensive movements of L. curasoae between locations in Venezuela. Using mtDNA sequencing, Newton et al. (2003) found moderate to low levels of genetic structure (F ST = 0.058-0.167) for the species in 9 locations sampled across arid and semiarid zones in that country.
Proving that insular populations of L. curasoae can fly between islands and between islands and the mainland has important implications for understanding the population dynamics of this species and proposing scientifically sound conservation actions. On this regard, it is important to point out that population size estimates for insular populations of L. curasoae have only been reported for Curaçao Island, which according to Petit (1996) and Petit et al. (2006) has less than 1,000 individuals. To date, no records have been published on population size estimates of this species for the other inhabited islands.
On Margarita Island, a recent study by García-Rawlins (2012) indicated that L. curasoae never completely abandons the island although capture frequency decreased between December and March. Petit et al. (2006) also reported yearround presence of L. curasoae on Curaçao Island. Both these studies suggest that insular populations of this species are resident, but Petit et al. (2006) proposed that changes in colony size between years on Curaçao could be because of movements between this island and Bonaire for mating, feeding, and dispersal of young. Temporal variation in resource availability (flowers and fruits) in these islands could be an important factor triggering movements of L. curasoae among islands and between islands and mainland in search of adequate food supplies. Chiropterophilous cacti and agaves, 2 of the most important food sources for nectar-feeding bats on these islands and mainland (Petit 1997; Fleming and Nassar 2002; Nassar and Emaldi 2008) , have reproductive patterns that vary along the year, with time periods (December-February) with low or null production of flowers and fruits.
Flights of 20-30 km over seawater by L. yerbabuenae have been demonstrated in the Gulf of California, Mexico, by Sahley et al. (1993) ; therefore, we hypothesize that L. curasoae can perform long-distance movements between Aruba, Curaçao, and Bonaire and between these islands and the northwestern Venezuela mainland.
In this study, we tested the hypothesis of long-distance movements between islands and between islands and the mainland in the Curaçaoan long-nosed bat, using mark-recapture with periodical sampling and marking of bats in Aruba, Curaçao, Bonaire, and northwestern Venezuela. Taking advantage of the mark-recapture data obtained, we also conducted estimates of survival and population size per island to contrast these estimates with observations made by us in the surveyed caves on the 3 islands.
Materials and Methods
Study species.-Leptonycteris curasoae (Phyllostomidae: Glossophaginae) is the largest (forearm length 54-55 mm) nectar-feeding bat in arid and semiarid zones of northern South America and nearby islands (Cole and Wilson 2006a) . In addition to nectar, it feeds on the pollen and fruit pulp of several plant taxa. Together with Glossophaga longirostris Miller (Phyllostomidae: Glossophaginae), this species is a key pollinator of the most abundant chiropterophilous agaves and columnar cacti in the region, and it is also an important seed dispersal agent of the latter (Nassar 1991; Sosa and Soriano 1993; Petit 1995; Nassar et al. 1997; Fleming and Nassar 2002) . It is a highly gregarious species, with several thousand individuals living in densely packed clusters in warm caves and abandoned mines (Cole and Wilson 2006a; J. M. Nassar, pers. obs.) . Females are seasonally monoestrous (Petit 1997; Martino et al. 1998) . Copulation occurs during late November-early December (Martino et al. 1998) , mediated by a unique and complex "smearing behavior" in which fertile males generate a dorsal patch with a combination of body fluids that attract females Muñoz-Romo et al. 2011) . In northern Venezuela, the pregnancy peak occurs in May and the lactation peak in June (Martino et al. 1998 ). On Curaçao, pregnancy peak occurs between March and May and the lactation peak in July (Petit 1997) .
Study sites.-The islands of Aruba (193 km 2 ), Curaçao (444 km 2 ), and Bonaire (288 km 2 ) are to the north of Falcon State's coastline, northwestern Venezuela (Fig. 1) , separated from the mainland by 28.0-89.3 km. Minimum linear distance between contiguous islands is 41.7 km (Curaçao-Bonaire) and 78.5 km (Aruba-Curaçao). The 3 islands and northern Falcon are part of the so-called "Caribbean dry region" (Sarmiento 1976 ). The climate of the region is semiarid, mean monthly temperatures vary between 26.4°C and 31.0°C, and mean annual rainfall on the islands and coastal plains of Falcon varies from 142.0 to 661.9 mm, depending on the locality (Matteucci 1987; Windfinder 2014 Huber and Alarcón 1988; Beers et al. 1997; Freitas et al. 2005) . Columnar cacti, the food source most frequently used by L. curasoae and G. longirostris on the ABC islands and the Paraguaná Peninsula (Nassar et al. 1997 Petit 1997 ; J. M. Nassar, pers. obs.), produce abundant flowers and fruit between April and November, but between December and February, these resources become barely available (Petit 1997; Nassar and Emaldi 2008; P. Bertuol and L. García-Smith, pers. obs.) . Chiropterophilous agaves and ceibas flower between January and May (Petit 1997; Figueredo et al. 2011 ; P. Bertuol and L. García-Smith, pers. obs.).
Bat capture and marking was conducted in several caves on each island (Table 1 ; Fig. 1 ) and 1 artificial tunnel on the mainland. Caves were selected based on L. curasoae presence, previous reports in the literature (Petit et al. 2006 ), or our own examination. The 3 caves selected on Aruba Island, Miralamar, Wela, and Tunnel of Love, are within the limits of Arikok National Park, the only protected natural area in Aruba. Miralamar and Wela are abandoned mines, while Tunnel of Love is a natural cave. Miralamar and Tunnel of Love are surrounded by natural areas, whereas Wela is surrounded by urban areas. Tunnel of Love was a former tourist attraction that was closed to the public in 2008 and protected with an iron fence. The caves selected on Curacao Island were Bosa III, inside the limits of Christoffel Park, and Kueba di Yéchi and Kueba di Noordkant, a few kilometers from urban areas. The caves selected on Bonaire Island were the following: Watapana, close to the limits of Flamingo Airport; Spelonk, in natural areas in the northeastern portion of the island; and Barcadera I and Barcadera II, both of them near residential areas. On the mainland, the only sampling site was a 1-kmlong artificial tunnel, containing 2 water ducts, in a locality known as Butare, a few kilometers east of the city of Coro, the capital of Falcón State.
Bat capture and marking.-At each site, captures were conducted by a team of 4-8 researchers and trained volunteers. Bat sampling and marking procedures followed ASM guidelines (Sikes et al. 2011) and were approved by the Bioethics Commission of the Venezuelan Institute of Scientific Research, Venezuela. A bat sampling session consisted of a 1-night mist netting session, using 1-3 mist nets of 2.6 × 2.6, 4.0 × 2.6, and 6.0 × 2.6 m (38 mm mesh, Avinet Inc., Dryden, New York) placed close to the exit of the cave. Mist nets were opened from 1830 to 2200 h in Aruba, 1900 to 2200 h in Curaçao, and from 1830 to 0000 h in Bonaire. At the Butare site in Venezuela, bat captures were conducted with a handheld butterfly net inside the tunnel. A detailed summary of total netting sections and total sampling effort conducted at each site and cave is included in Table 1 .
Captured bats were placed in cloth bags until processing, when we recorded gender, weight, forearm length, age class (juvenile, adult), and reproductive condition (males with inguinal or scrotal testicles, nongravid females, gravid females, and lactating females). Captured individuals were marked using 4.2-mm alloy rings (Porzana Ltd., Icklesham, East Sussex, United Kingdom) individually numbered to identify and differentiate individuals marked on each island and mainland. We applied an antibacterial cream (Bactroban, GSK, Brentford, Middlesex, United Kingdom) on the area of the forearm where the ring was placed. After marking, bats with symptoms of fatigue were fed a sugar solution and then released.
Total number of individuals captured, marked, and recaptured on each island and the mainland were recorded. Additionally, we reported male:female ratios at each sampling site and presence of gravid and lactating females. We also recorded the number of animals captured and recaptured in the same cave and in different caves within each island. Finally, for each island, we plotted the number of captured individuals per cave on a bimonthly basis during 2 consecutive years to describe temporal presence of L. curasoae in each cave and island. For Aruba and Curaçao, we used all the data collected during the study; for Bonaire, we chose data collected between February 2009 and December 2010 in the 3 caves with older data available (Spelonk, Watapana, and Barcadera I). Abundance estimates.-We used the POPAN (Schwarz and Arnason 1996) formulation of the Jolly-Seber (Jolly 1965; Seber 1965 ) mark-recapture model within program MARK (White and Burnham 1999) to estimate abundance for the Aruba and Bonaire bat populations (mark-recapture data for Curacao were not sufficient for further analysis). The main assumptions of this modelequal catchability, survival among individuals, no tag loss, and instantaneous sampling-are similar to those of the more common Cormack-Jolly-Seber (CJS-Cormack 1964; Jolly 1965; Seber 1965 ) model, although in this case, these assumptions apply equally to marked and unmarked individuals in the population. The POPAN model estimates the following parameters: survival (φ i ), the probability that a marked or unmarked animal survives between occasions i and i + 1; capture or detection probability (P i ), the probability of capturing a marked or unmarked animal that is alive at occasion i; and the probability of entry (P ent ), the probability that an animal from the superpopulation (N) would enter the population between occasions i and i + 1 and survive to the next sampling occasion i + 1. The superpopulation size (N) and number of births are obtained as derived parameters. We tested several models with the following parameter structures: constant and time-dependent structures on φ, P, and P ent ; seasonal (boreal winter), reproductive, and monthly (calendar months made equal across years) capture probabilities (P); and seasonal, reproductive, monthly, intersampling duration dependent, and null (i.e., fixed to zero probability of entry) structures on P ent . Overdispersion in the data, and therefore fit to the general model, was determined by calculating the variance inflation factor with the median c procedure in program MARK on a CJS version of the most general POPAN model; model results were adjusted by this factor. We only kept models with adequate parameter estimation and ranked them according to quasi Akaike Information Criterion c, c adjusted AIC c (Anderson and Burnham 1999; Burnham and Anderson 2002) .
Results
Capture records per location and bat roost.-We captured a total of 7,518 individuals of L. curasoae at the 11 sampling sites (Aruba, n = 1,827; Curaçao, n = 778; Bonaire, n = 4,128; Butare, n = 785; Table 2 ). Males were captured more frequently than females on the 3 islands as follows: in all 3 caves monitored in Aruba, 2 out of 3 caves monitored in Curaçao (Noordkant and Yéchi), and 3 of the 4 caves sampled in Bonaire (Spelonk, Barcadera I, and Barcadera II). At the only mainland site (Venezuela), Butare, females were captured in a higher frequency than males.
Leptonycteris curasoae was captured in every sampling session on the 3 islands during the entire study period (Fig. 2) . Pregnant and lactating females and juvenile/subadult individuals were also captured on all 3 islands (Table 2) . We observed pregnant and lactating females in all caves, but the highest proportion corresponded to Miralamar in Aruba, Bosa III, and Noordkant in Curaçao and Watapana in Bonaire. Pregnant individuals were captured between March and July across sites. In Aruba, most pregnant individuals (93.8%, n total = 129) were On each island, there were caves in which we always captured L. curasoae, and other caves that were not used by this species during part of the year or where captures were very few (Fig. 2) . In Aruba, Tunnel of Love and Miralamar were consistently used by L. curasoae and had the most captures per sampling session. At Wela, capture rates for L. curasoae were comparatively lower across sampling sessions, and none were captured in March 2012, March 2013, and January 2014. In Curaçao, L. curasoae was always captured in all 3 caves, but capture rates at Bosa III decreased substantially during part of the year. There was an overall decrease in capture rates between 2012 and 2013 on this island. Noordkant and Bosa III were the most important roosts for this species observed on Curaçao. In Bonaire, although the 3 caves studied in 2009 and 2010 were used by L. curasoae most of the year, capture frequencies varied substantially over time. Even Watapana, which had the highest capture frequencies, presented monitoring sessions with few or no captures.
Recapture records within each location.-The percentage of bats marked out of the total captured at each location varied between 78.3% and 98.0% (Table 2 ). All rings observed in recaptured individuals were easily readable and had caused no noticeable harm to bats. We recorded recaptures at all sites, with the exception of the Yéchi cave, on Curaçao. The overall percentage of recaptured animals across all sampling sites was 8.3% (n = 529). The percentage of recaptures varied among islands and mainland and was proportional to the total number of animals captured at each location. The island of Bonaire, with the longest monitoring program and most captured animals, had the highest percentage of recaptured bats (13.8%), followed by Aruba (4.2%), Curaçao (1.4%), and Butare, Venezuela (0.8%). These recaptures included animals originally marked on the same islands/mainland and on different islands.
In Curaçao, all local recaptures occurred in the same caves in which bats were originally marked (Table 3) . In Aruba and Bonaire, several recaptures occurred in caves other than those where bats were originally marked. In Tunnel of Love (Aruba), Wela (Aruba), Barcadera I (Bonaire), and Barcadera II (Bonaire), most bats that were marked and then recaptured were found at other caves on the island (Table 3 ). In Watapana (Bonaire) and Spelonk (Bonaire), most bats that were marked and subsequently recaptured were recovered in the same cave.
Long-distance recaptures.-Long-distance recaptures were recorded on the 3 islands and mainland (Table 3) Abundance estimates.-For both the Aruba and Bonaire populations, the best-fitting POPAN model with adequate estimates for all parameters had a null entry probability, P ent = 0, i.e., the data suggest that there were no additions to the population for the duration of the study. L. curasoae has higher survival, more variable detection probability, and a smaller population in Bonaire Detection probability is still below 1% for the CJS model for both Aruba and Bonaire, P = 0.0063 (95% CI: 0.0039-0.0103) and P = 0.0088 (95% CI: 0.0074-0.0104), respectively.
Discussion
Leptonycteris curasoae can perform long-distance movements in northern South America, including oversea flights. Islandisland and island-mainland movements, demonstrated in this study, suggest that populations of this species in Aruba, Bonaire, Curaçao (ABC islands), and Falcón, Venezuela, exchange individuals and may migrate seasonally as a response to cyclical changes in local resource availability and yearly reproductive regime.
Oversea flights by Leptonycteris curasoae.-Leptonycteris curasoae permanently inhabits the ABC islands. Most caves examined in our study had colonies of this species throughout the entire set of monitoring sessions. Temporal variations in capture rates across caves within each island, and movements between caves, suggest that this species does not rely on a single cave, but rather on a system of caves as diurnal roosts. The fact that L. curasoae can be found year-round on the 3 islands suggests that insular populations of this species do not migrate massively away from them in a particular season; however, individuals can move between islands and between islands and mainland.
In Island-island movements by L. curasoae in the ABC islands system seem to occur in both directions. Several bats marked in Bonaire were recovered in Curaçao and Aruba, and 1 bat marked in Curaçao was recaptured in Bonaire. We hypothesize that eastward flights carried out by L. curasoae between these islands could be less energetically demanding between September and December, when the trade winds (westward direction) reduce speed (Windfinder 2014) , therefore offering less resistance to flights in that direction. In order to complete the evidence of bidirectional flights, we still need to recapture in Curaçao bats marked in Aruba.
This study also demonstrated that L. curasoae can fly between the ABC islands and mainland, although we do not know the flight paths followed by bats marked in Aruba and Bonaire and recaptured in Butare, Venezuela. These flights could be either directly to mainland, without intermediate stops, or the route could include resting stops in islands or the Paraguaná Peninsula.
Long-distance movements versus seasonal migrations.-Under a nonmigratory scenario, recorded movements between islands and between islands and mainland could be indicative of the foraging distances these bats are capable of. For example, bats roosting on Bonaire could fly to Curaçao to feed and come back to Bonaire the same night, or vice versa. Alternatively, and without having to invoke migrations (sensu stricto), fractions of the populations present on each island could temporarily switch from one island to another or to Venezuela's coastline in search of temporally abundant resources or roosts to mate or raise their offspring. In Mexico and southwestern United States, timing and routes of L. nivalis annual migration correlate with availability of nectar and pollen of blooming agaves (Moreno-Valdez et al. 2000 , 2004 . The first long-distance recaptures recorded in this study occurred on Curaçao in January 2013. We noticed copious light-yellowish pollen grains on the heads of several individuals captured that month on the island, which resembled pollen from Ceiba (Bombacaceae) species (J. A. de Freitas, pers. obs.), although we did not examine the pollen grains under the microscope for confirmation of their taxonomic identity. In Mesoamerica and northern South America, including Curaçao, Ceiba pentandra (L.) Gaertn. and C. aesculifolia (Kunth) Britten & Baker bloom between December and March (Cajas Castillo 2005; Rojas-Sandoval et al. 2008; Gómez Restrepo 2011; J. A. de Freitas, pers. obs.) . Petit (1997) reported that the flowers of this species represent a temporally important dietary item for L. curasoae during the first months of the year on Curaçao. In addition to ceiba trees, several species in the genus Agave are used by this bat during the first months of the year in Curaçao and arid zones in Venezuela (Petit 1997; Lemus 2003; Nassar et al. 2003) . Blooming of these agaves occurs between January and May (Petit 1997; Figueredo et al. 2011; P. Bertuol and L. García-Smith, pers. obs.) . During this time period, columnar cacti, the food source most frequently used by L. curasoae and G. longirostris on the ABC islands and the Paraguaná Peninsula (Nassar et al. 1997 Petit 1997; J. M. Nassar, pers. obs.) , have the lowest flowering rates of the entire year (Petit 1997; Nassar and Emaldi 2008, P. Bertuol and L. García-Smith, pers. obs.) . This temporary shortage in supply of cactus pollen and nectar is unfavorable because females of L. curasoae are pregnant between December and May (Petit 1997; Martino et al. 1998 ; this study). Therefore, alternative food sources, like ceibas and agaves, are crucial to sustain this species on the islands during that part of the year.
Curaçao has larger populations of ceibas and agaves than Aruba and Bonaire (J. A. de Freitas and J. M. Nassar, pers. obs.) , and bats from the latter 2 islands could move temporarily to Curaçao to feed on these plants. Bats could also move temporarily from the ABC islands to nearby mainland in northern Falcón State, Venezuela, to feed on agave (Agave cocui Trelease). However, the most extensive and abundant populations of A. cocui are found along the 200-km-long north-south axis of arid and semiarid zones in the states of Falcón and Lara, and in more distant locations (> 400 km), like the intra-Andean arid patches in Mérida State and the xeric coastlines in northeastern Venezuela Figueredo et al. 2011) .
In order to have access to the majority of the agave populations found on the mainland, individuals from the ABC islands and Paraguaná Peninsula would have to migrate southward temporarily. Practically the entire population of L. curasoae in the Paraguaná Peninsula abandons the peninsula between December and March, when agaves on the mainland are blooming (Martino et al. 1998; Nassar et al. 2008; Figueredo et al. 2011) . Although L. curasoae is always present on the ABC islands, part of the population could migrate temporarily to agave fields on the mainland. The roost sampled at Butare, Venezuela, was inhabited by more than 3,000 individuals (A. Martino and J. M. Nassar, pers. obs.) . This colony probably included individuals from the 3 islands and the Paraguaná Peninsula, which were feeding on agave patches in the valleys between the San Luis and Churuguara Sierras. Part of this colony could continue travelling south, along the arid axis during the agave season, a hypothesis that deserves further evaluation. During this part of the year, intra-Andean arid patches in Mérida State also have agave populations in bloom and L. curasoae has been recorded in them (Soriano et al. 2000) .
Populations of L. curasoae in the intra-Andean arid patches of Mérida State and xeric patches along the Chicamocha river basin, Colombia, disappear between May and August, when females give birth and raise their offspring. These populations probably migrate to locations in the northern reaches of the species' distribution (Sosa and Soriano 1993; Sánchez and Cadena 1999; Soriano et al. 2000) . Two key resources that may contribute to concentrating bats in northern locations are large extensions of columnar cacti in bloom between May and November, and the presence of caves used as maternity roosts. Until now, the only known maternity roosts for L. curasoae are located in Margarita Island (García-Rawlins 2012), the Paraguaná Peninsula (Martino et al. 1998) , and the ABC islands (Petit et al. 2006 ; this study).
What determines who stays year-round on the ABC islands and who moves temporarily to the Venezuelan coastline or migrates southward is unknown, but Rojas-Martinez et al. (1999) , Stoner et al. (2003) , and Morales-Garza et al. (2007) have shown that the migratory condition of L. yerbabuenae in Mexico is not a global phenomenon, affecting all members of the population, because some subpopulations migrate north during spring and summer and others remain as year-round residents at lower latitudes, moving over comparatively shorter distances.
Population abundance estimates.-Estimates of population size for L. curasoae in Bonaire and Aruba using the markrecapture data suggest population abundances substantially larger (between 14,000 and 26,000) than expected according to our observations inside the monitored caves during the capture program in the 3 islands. In the case of Bonaire, colony sizes observed for the 4 caves monitored from 2008 until 2013 never surpassed 4,000 individuals together (F. Simal and J. M. Nassar, pers. obs.). In the case of Aruba, numbers did not surpass 2,000 individuals total (F. Simal and J. M. Nassar, pers. obs.). Finally, in Curaçao, Petit (1996) estimated a population size of 800-1,000 individuals based on 17 caves surveyed. Even considering the possibility that additional, not yet explored, caves could be used as roosts by L. curasoae on the 3 islands, population size estimates obtained from the mark-recapture data seem too high.
In the models used to estimate apparent survival and population abundance, due to sparsity in the data, only time-invariant (constant) survival, monthly variation in detection, and null entry probability models provided adequate parameter estimates. Testing of and selection among more complex models was not possible. Data sparsity also precluded detailed study of the sources of overdispersion, which are generally due to heterogeneity in capture probability caused by permanent emigration (i.e., transience), temporary emigration, trap dependence, and/or age effects, among others (Pollock 1982; Kendall et al. 1997; Pradel et al. 1997; Pledger and Efford 1998; Pledger et al. 2003) . Because individuals from these populations move between caves, they become unavailable for capture at a given time, therefore presenting temporary emigration. Additionally, our study presents evidence of transience among individuals from the 3 islands. Very low detection probability (< 1%), together with small sample bias, could be precluding the adequate estimation of entry probability in these populations and explain an apparent overestimation of the L. curasoae population size in Aruba and Bonaire. Higher recapture rates on the 3 islands will be required to make more accurate estimates of population abundance of this species in these insular locations.
Conservation implications.-Our study shows that L. curasoae is capable of long-distance movements. However, at this point, we cannot conclude whether these long-distance flights represent nightly foraging movements, temporal relocation movements triggered by resource availability, seasonal migratory events, or all of them. But all these possible scenarios are in agreement with the hypothesis that bats on the ABC islands and the Venezuelan coastline belong to a single, large, panmictic population, a proposition concordant with the low levels of genetic structure estimated for this species in Venezuela based on mDNA analysis (Newton et al. 2003 ). This population uses caves across the islands and mainland as a very dynamic system of diurnal and maternity roosts that help maintain the cohesiveness and viability of the species. Therefore, it is crucial to protect the complete system of roosts in order to guarantee the survival and reproductive success of L. curasoae. The Cuevas de Paraguaná Fauna Sanctuary was officially created in 2008 (Delfin et al. 2011 ) to help protect the bat fauna present in the Paraguaná Peninsula, including the Curaçaoan long-nosed bat. But successful management, education, and conservation activities to protect this species will require the design and implementation of coordinated actions among the ABC islands, Venezuela, and Colombia. These actions should include the formulation of international legislation aimed to protect this species at a regional level.
Our findings could be complemented with additional markrecapture programs, expanded to other locations in Venezuela and Colombia to obtain additional and more detailed evidence of possible migratory movements among localities in northeastern Venezuela and between Venezuelan and Colombian arid zones. Similarly, molecular analyses using nuclear DNA microsatellites could help corroborate long-distance movements and migratory potential for this species.
